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Atmospheric Reaction To.Solar Activity

In the"solar~terrestrial phenomena" problem, study of the efn~
fect of solapr activity on processes in the lower atmosphere 1s most
important, Within thé framework of this aspect of study, research
is being condﬁcted aiméd at establishing correlational connections
betweén varlations in solar activity and atmospheric features, and
at prodﬁcing physical models to explain these connections,

Hypothétically, the effect of solar activity on the troposphere
may bé diréct or through the uppér atmospheré, whosé life 1s deter~
minéd diréctly by solar activity: shortwave radiation and corpus-
cular solar radiation that_chahgesfSharply depending on prbcesses
insidé thé sun, Tn the latter case the transfer of energy from the
ﬁppér atmosphére?‘from the thémmosphereltd the troposphere, should
také place via thé’mesophére and thé stratosphére, And accordingly,
a study of atmospheric reaction, moving from above to below,kto
solar activity is needed, . Unfortunately, thére are at presént very
- Tew data availablé; since ekperiments are not usually conducted Sim:
QltanedﬁSly'aeross a range of altitudés and résults are not compar-
able,

What, then, is known? Let us preview the basic results from ex—
periments to study variations in atmospheric thermodynamic para-

t

meters and wind during a period of solar activity.

‘Thermosphggg;_ StUdiés of the upper atmosphere using satellites have
made 1t poésiblé.to discover that during a period of geomagnetic
disturbance the'dénsity and temperature of the thermosphere iIncrease;
thé'amplitude'gf.density variations increases with altitudes and
latitﬁdegfand“that? compared With.géOmagnetio disturbance, the lag-
éffédt in théfdéVelopment of atmosphepic‘distﬁrbanceidepends on
latitude,
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*Numbers in mapgin indicatejforeign‘pagination.'
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Figuré 1.

a - relative pressure change Ap, (%) during a period of geomagnetic
disturbances, Comparison was maae from day 3, corresponding to mine
imum value of A_; b - temperature change from sounding measurements
at the White Sallds station B

'Tropospheré} As a result of statistical processing of data from
meteorological observations, it has been established that variations

in pressure and circulation, corresponding to geomagnetic disturbances,
are observed in the troposphere [11], '

-Thé'main conclusions drawn from stﬁdies of the thermosphere and
tropospheré'have.béen described in detail in various works [9,11J and
we shall not dwell on them here,\.

‘Tfopbsphgfp‘;‘Théfmosphere, Tn récent_yéars spécial investiéations
have been made to study this field, and as a result a preliminary
idéa was established about atmosphéric:béhavior during the period of

interest ftorus..

Tn one work [9] data on temperature and pressure obtained during
periods of geomagnetic distrubance during 50 rocket soundings measure-
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Figuré 2., Atmospheric température at,various.altitudes‘based
on data from rocket (a) and aerological (b) readings at the
Volgograd statlon, _ ,

1 = lsotherms 2 = stratopause, mesopause

ments at the White Sands station during 1962-~1964 were processed using
the epoch superposition method. The results are shown in Figure'l,

It can bé seén from the data présented that day—to;day relativé
pressure variations at altitudes from 12.2 to 60km are observed
synchronously with the change in the geomagnetic index Ap: the minimum
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Figure 2 = Continued.
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and the first maximum Ap coincide within accuracy of one day with
the minimum and maximum values of Ap;“ At altitudes below 12 km g

A p of about two days is observed relative to Ap, The amplitude of
A p variations increases with altitude, Temperature change 1s quite
different: AT at different altitudes have a different. sign, Thus,
for example, at an altitudé of 1.22 km temperature changes sharply
in the opposite phase, but at 6,10 km it is synchronousﬂwith'Ap.

A complex of ekperiments making it possible to obtain comparable
data simultaneously at wvarious altitudes and te race the development
of phenomena within a time framé typical for the prooessés being
stuided was carried out in order to study atmOSphéric reaction to
- solar activity. The first such complék-of experiments was conducted
in April 1969 at the Velgograd rocket sounding station [4], The
- greatest frequency of rocket soundings occurred dufing the period
Appil 16 thriough 23. During this‘expériment data were obtailned on /172
the reaction of neutral atmosphere, the ionosphére, and radiation
characteristics, :
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In this paper only the results of investigations of tempera@ure

and pressure parameters and atmospheric wind are considered.

Thermodynamic parameters in the atmosphere were determined at
altitudes from zero to 30 km using meteorological aerological obser-
vations, and from 30 through 95 km using M~100 rockets, '

"Wind parameters up to an‘altitude of approximately 30 km were
obtained from aerological observations, up to approximately 60 km
using rockets, and up toe approximately 90 km using radar measurementsv

|

of meteor trail drift.

During the period April 10-24 1969.solar'and'geophysical activ-
ity was as follows: on April 10 a strength 2B solar flare accompanied
by an incréase in thé stream of:radio'emiSSion and disturbances in
the ionosphéré (STD) was observed. Strong absorption of radio waves
at the pelar cap (PCA) commenced on April 11 and continued through
April 18, This flare also caused proton phenomena: from April 11
throﬁgh'27 the number of protons conslderably exceeded the background
value. -,

Chromoespheric solar flares.weré also recordéd on April 14, 18,
20 and 21. Théy Weré accompanied by bursts of radio'émission on the
sun and sudden dlsturbance (except the one on April 20) in the terr-
estrlal ionosphere (SID). The most powerful flares were those on
“April 18 and 21 [6].

Tt can be seen from aerological (Figuré 2b) and rocket measure=-
ments [1] (Figﬁré 2a) that within the périod Studiéd the temperature
change was not the same at different altltudes (see also L3, 5, 121,
This can be seen particularly clearly on Flgure 3 where, for example,
between April 18 and 21 a rise in ftemperature was observed at alti-
tudés of approkimatély 10 and 25 km, while at altitudes of approx-
imately 50 and 80 km it fell, B

Gréat variations wéfe observéd at the upper boundary altitudes.
Thus, between April 16 and 21 in the daytime (1200 to 1400 hours) the
héight of the mesopause rose from Tk to 79 km, and that of the
stratosphere from 42 to 47 km, while the level of the troposphere fell
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Figure 3. Chahge in temperature and wind velocity components with
altitude at 1330 hours April 18 1969 (1) and at 1346 hours April
21 (2) at the Volgograd statlon,

from 11 to 10 km.

A significant change was recorded in wind direction and velocity,
particularly in areas of relative fall or increase in temperatures’
(approximately 10, 28 and 50 km) (Figure 4).

Variations in the meridional component of wind yelocity at the
tropopause and at an altitude of approximately 95 km [7] correlate
well (Figure 4), and with the geomagnetic disturbances (Figuré 5).
It shoﬁld be noted that the character of the changé in wind from_day
to day was maintained for all times of the day-in.quéstion;

A sécond complex of experiments was conducted in 1971 from Sept-
ember 20 through October 10,

Solar flarés wére recorded on Séptember 19, 22 and 24 and October
1, 3 and 10, . The most powerful and prolongéd was the one on October 3
[13]. After this flare an increase was recorded in the number of pro-
tons., This reached a maximum on October 4 but had receded to the
normal level by October 7 [14],
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Figure 4. Variations in meridional component of wind vel-
ocity at the tropopause altitude from radiocsonde data- [1,2]
and at. an altitude of 95 km according to data from meteor,

measurements [3,4,5].

1 - 3 hours; 2 ~ 15 hours Moscow time; 3 - O.3 hours; 4 -
0~1 hours; 5 - 4-5 hours Moscow time.
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Flgure 5. Change in absolute value of meridional coemponent
of wind veloolty at the tropopause altltude and geomagnetic
index K (0~-3 hours) .

1 -0 hoursé 2 ~ 12 hours GMT 1969

Maximum geomagnetic disturbances were obseryed on September 2527
and 30 and October 3 and 8~9. Minimum yalues of the geomagnetic index
were recorded on September 23 and 29 and October 4, 7 and 10 [14].

The results of températuré and méridional component of wind veloc=.
ity measurements are presented in Figures 6.and 7, Since aerological
observations‘were carried out every six hours (as in 1969) and rocket
measurements only every day or two, a more détailed plcture of atmosp~-
heric behavior was obtained for 30 km,
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Figure 6a.  Atmospheric température at altitiudes from zero to
30 xm at the Volgograd station.

See Figure 2 for key to symbols,
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Figﬁre 7, Variations in meridional component of Wind.ﬁelocity
at the tropopause from radiosonde.data [1,2] at an altitude of
95 km from meteor measurements [3,4,5], 1971.

1L - 0 hours; 2 ~ 12 hours; 3,4,5 - 1, 5, 13 hours respectively.

Tt can bé shown from the dats ShoWn that on September 22.23 and 28~
29 and October 4-5, 7~8 and 10, a restructuring of circulation took
place and considerable variations in atmospheric temperature [10] were
observed, The way in which temperature changed at different altitudes
was different, just as in 1969, ’

During the perilod covered by the experiment, varilations in the
meridional component of wind velocity at the tropopause and at an al-
titude of approximately 95 km [7] for different times of the day



correlate well, as in 1969 (Figure'7).

Periods of restructuring of atmospheric témpérature stratifica~
‘tion and changes in wind velocity direction and their minimum values
correspond. to minimum values of the geomagnetic index A_, and the
change in the direction of the interplanetary field [8] (Figure $),
This last circumstance is particularly interesting, since discovéry
of the correlation makes it possible to connect into a sing;e whble,
processes on the sun, in the interplanetary medium, the magﬁetosphere,
the ioncsphere and the'earth‘s upper and 1owér atmosphéres - (The
existence of a connection between solar activity and the lower atmo=
sphere is still not a generally accepted fact),

As a result of the investigations carried out, séveral initial

conclu81ons may be reached: !
~

- durlng perlods of geoeffect solar d;sturbances, 2 reactlon 1s;
observed 1n the atmosphere, from the tropopause to an altitude of
100 km, that is, there is a connection between phenomena 1n thev
upper and lower atmospheres; Ny |
- variations in atmospheric paramefers corrélate with chaﬂges : . /179
in the geomagnetic indek; | ' '
- periods of minimum valﬁes, wind velocity and geomagnetic index
coln01de
- when there is a restructuring of ftemperature stratification,
the temperature change sign is different af different altitudes.

On the basis of the above, and taking into account the fact that
Iglobal spatial changes in pressure, temperature and wind are also
different [11] 1t can be supposed that as a result of the solar activity,
a transfer of energy takes place in the abmosphere from one fleld to
another, gs & consequence of which it can be expected that restruc—
turlng of, the atmosphere does not require additional, 1arge amounts
of energy but takes place mainly through stored energy.
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Figure 8, 7Variations in meridonial component of wind
velocity at the temperature (I) and at an gltitude of"
approximately 95 km (II), the geometric fleld, and the
direction of the inter-planetary magnetic fileld. :

1 -~ interplanetary magnetic fleld away from the sun;
2 « toward the sun
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